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/An  experimental  program  has  been  conducted  to  determine  the  dynamic  unbalance 
of  inert  submunition  grenades  and  bomblets.  Dynamic  unbalance  influences  the 
free  flight  spin-up  of  these  spherical -shaped,  vaned  bomblets  and  may  cause 
improper  performance  of  the  bomblet  fusing  process.  These  bomblets,  of  known 
balance  characteristics,  will  be  dispersed  by  missiles  and  subsequently 
recovered.  An  attempt  will  be  made  by  others  to  correlate  the  ground  pattern 
and  the  armed  or  non-armed  condition  of  the  individual  fusing  mechanisms  with 
the  degree  of  dynamic  unbalance  of  each  bomblet. 
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I . INTRODUCTION 

The  bomblet  unbalance  data  supplied  in  this  report  were  determined 
by  the  Aerodynamics  Research  Branch,  LFD,  BRL,  for  eighty-five  XM74 
grenades  and  ninety-five  BLU63  bomblets  at  the  request  of  the  Fluid 
Mechanics  Branch,  Applied  Sciences  Division,  LCWSL,  ARRADCOM,  Dover, 

New  Jersey. 

A brief  discussion  is  presented  here  as  an  aid  to  understanding 
the  tabulated  data,  the  methods  for  obtaining  the  data,  and  the  accuracy 
of  those  determinations. 

Measurements  of  axial  and  transverse  moments  of  inertia,  center  of 
gravity  locations,  weights  and  polar  diameters  were  supplied  by  the 
Fluid  Mechanics  Branch  for  use,  in  conjunction  with  the  BRL  measured 
mass  unbalances,  in  the  computation  of  the  angle  of  unbalance  of  each 
bomblet  (the  angle  formed  by  the  geometric  spin  axis  and  the  dynamic 
axis) . 


II.  DATA  ACQUISITION 

Both  types  of  bomblets  have  identical  exterior  size  and  shape, 
within  manufacturing  tolerances.  Thus,  a single  fixture  and  model- 
holding adapter  could  be  used  during  the  unbalance  measurements.  The 
canister  type  adapter,  shown  in  Figure  1,  was  designed  and  fabricated 
at  the  BRL.  The  adapter  made  use  of  a contoured  inner  surface,  formed 
by  a plastic  molding  process,  to  provide  reproducibility  of  model 
positioning  and  the  alignment  of  the  model  spin  about  its  geometric 
axis . 

Dynamic  unbalance  measurements  were  made  on  the  empty  fixture 
prior  to  the  model's  being  installed;  then  these  tare  values  were 
vectorially  subtracted  from  the  balancing  measurements  made  with  the 
bomblets  in  the  fixture.  Balancing  data  are  given  in  gram- inches  at 
two  preselected  measurement  stations.  The  left  measurement  plane  was 
established  at  the  left  end  of  the  canister  and  the  right  measurement 
plane  at  the  right  end  of  the  canister  (refer  to  Figures  1 and  2) . 

A Balance  Technology,  Inc.,  Model  D-75PS  dynamic  balancing 
machine  was  used  for  measuring  the  bomblet  unbalances.  This  machine 
is  specified  as  being  capable  of  detecting  peak-to-peak  vibrations  of 
.000025  inch  for  standard  operation;  a peak-to-peak  displacement  of 
.000025  inch  represents  a measurement  of  0.1135  gram-inch  (.004  ounce- 
inch)  on  a ten  pound  rotating  mass.  (The  weight  of  the  complete  rotat- 
ing assembly,  including  bomblet,  used  in  these  unbalance  measurements 
was  approximately  five  pounds.  Thus,  without  consideration  for  the 
cantilever  arrangement  and  unusually  close-coupled  measurement  planes, 
the  machine  was  capable  of  resolving  unbalances  of  approximately  0.05 
gram- inch  during  these  bomblet  unbalance  measurements.) 
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obtain  values  for  the  products  of  inertia  in  that  system.  From  the 
resulting  inertia  tensor,  we  could  compute  the  three  real  eigenvalues 
II,  12,  13  and  the  directions  of  the  three  eigenvectors.  Then  in  a 
coordinate  system  XI,  X2,  X3  whose  axes  have  the  directions  of  these 
eigenvectors,  the  products  of  inertia  vanish  and  the  principal  moments 
of  inertia  are  II,  12,  13.  The  angle  of  unbalance  a is,  then,  the 
angle  between  the  x and  XI  axes. 

For  lack  of  time,  we  performed  an  eigenanalysis  only  on  a repre- 
sentative set  of  grenades  and  bomblets  (Table  I,  column  14).  Approxi- 
mate values  of  a from  Equation  (1),  however,  were  obtained  for  all  the 
grenades  and  bomblets  (Table  I,  column  13).  For  each  eigenanalysis 
value  of  a,  we  computed  a correction  factor 


A = a - a (2) 

e a 

where  subscript  "e"  denotes  an  exact  (eigenanalysis)  value  and  subscript 
"a"  denotes  the  approximate  value  from  Equation  (1).  Figure  3 is  a plot 
of  A versus  a up  to  34  degrees;  the  curve  shown  is  a fairing  through 

u 

the  plotted  points.  From  this  faired  curve,  we  read  a A value  for  each 
grenade  and  bomblet  omitted  from  the  eigenanalysis  (Table  I,  column  15). 
Finally,  we  obtained  corrected  values  of  the  angle  of  unbalance  (Table 
I,  column  16)  by  the  relation 


o = a + A 
a 


(3) 


IV.  EXPERIMENTAL  RESULTS 

Table  I presents  the  unbalance  measurements  made  by  BRL,  the 
physical  data  supplied  by  the  Fluid  Mechanics  Branch,  the  computed 
center  of  gravity  offset,  and  the  computed  angle  of  unbalance  for  all 
180  bomblets.  The  individual  bomblets  are  identified  by  the  Fluid 
Mechanics  Branch  code  number  listed  in  the  initial  column.  These 
final  results  are  summarized  in  histogram  form  in  Figures  4 and  5. 


V.  DISCUSSION  OF  POSSIBLE  ERROR 

Cn  page  8 it  was  indicated  that  the  individual  unbalances  at  the 
two  planes  of  measurement  were  reproducible  to  within  0.3  gram- inch  and 
their  related  angles  to  within  ± 8 degrees.  The  accuracy  of  these 
values  depends  on  the  fixture  calibrations.  When  a four  gram  mass  of 
modeling  clay  was  attached  to  the  bomblet  canister  at  the  left  measure- 
ment plane,  a 3.75  gram  dynamic  unbalance  resulted  at  the  left  plane 
indicator,  and  when  a four  gram  mass  of  clay  was  added  to  the  canister 
at  the  right  measurement  plane,  a 3.95  gram  dynamic  unbalance  resulted 


10 


at  the  right  plane  indicator.  The  precision  fixture  for  unbalance 
calibrations  was  not  used  for  this  experiment  because  it  does  not 
represent  a good  replication  of  the  actual  geometry.  As  was  expected, 
these  results  are  only  qualitative  but  do  determine  the  location  of  the 
decimal  point  in  the  unbalance  indicators. 

For  four  independently  repeated  measurements  on  "control"  grenade 
PA90A,  the  final  angle  of  unbalance  ranged  from  7.1  to  8.2  degrees. 

This  implies  a ± 7.8%  range  of  measurement  error  from  the  mean  measured 
value.  Eleven  independent  balance  measurements  on  "control"  bomblet 
PA671  indicated  from  8.8  to  11.0  degrees  for  the  final  angle  of 
unbalance  and  that  result  equates  to  a ± 11.1%  range  of  measurement 
error  from  the  mean  measured  value. 

It  is  difficult  to  analyze  the  total  possible  error  inherent  in 
the  complete  measurement  and  computation  procedure.  In  view  of  this 
difficulty,  the  Fluid  Mechanics  Branch,  ASD,  requested  from  LFD  an 
alternative  procedure  for  error  investigation.  This  procedure  employed 
trial  computations  with  a 1%  deviation  in  the  input  parameters  to 
determine  their  individual  effect  on  the  final  angles  of  unbalance. 

The  result  of  this  exercise  determined  the  relative  importance  of  each 
parameter  in  the  final  result.  These  data,  presented  in  Table  II,  show 
that  utmost  accuracy  is  required  in  the  moment  of  inertia  measurements. 


VI.  CONCLUSIONS 


A.  Repeated  measurements  of  the  angle  of  unbalance  of  XM74 
grenades  and  BLU63  bomblets  indicate  that  these  measurements  are 
routinely  reproducible  to  approximately  ± 1 degree  when  care  is  taken 
to  avoid  all  possible  errors  from  machine  drift,  etc.  This  value  of 
± 1 degree  allows  for  the  imperfect  repeatability  of  the  bomblet 
position  in  the  holding  fixture,  but  does  not  allow  for  measurement 
inaccuracies  in  such  things  as  the  bomblet  moments  of  inertia,  weight, 
diameter  and  C.G.  distance.  Also,  it  assumes  absolute  performance 
accuracy  from  the  balancing  machine  and  from  the  data  reduction 
computations.  The  error  possibilities  in  the  input  parameters  can  be 
expected  to  have  a degrading  effect  on  the  overall  measurement  and 
computation  accuracy.  Therefore,  the  overall  error  possibility  is 
larger  than  the  ± 1 degree  measurement  reproducibility  but  is  estimated 
to  be  less  than  ± 2 degrees . 

B.  An  intentional  1%  deviation  in  the  moment  of  inertia  input  can 
result  in  deviations  of  ± 5 degrees  or  more  in  the  computed  angle  of 
unbalance.  This  indicates  a need  for  utmost  precision  in  acquiring 
those  measurements.  The  bomblet  diameter,  C.G.  distance,  and  unbalance 
measurements  are  less  critical,  but  can  also  produce  significant  error. 


ACKNOWLEDGEMENTS 


The  authors  are  indebted  to  Dr.  Andrew  Mark  for  his  capable  aid  in 
gaining  an  understanding  of  the  problem  and  the  procedures  required,  to 
William  Beims  and  James  Harmon  for  their  assistance  in  making  the 
unbalance  measurements,  and  to  Raymond  Lehman  and  Donald  Mylin  for 
their  aid  in  the  data  reduction. 


4 


MEASUREMENT  MEASUREMENT 


THE  BOMBIET  CENTERPLANE 


UNBALANCE  FROM  APPROX.  METHOD  (degrees) 

re  3.  Procedure  Correlation  Graph 


Grenade  XM74  Angle  of  Unbalance  Distribution 


Table  I.  Experimental  Results 

Column  Headings  for  Table  I. 

1.  Picatinny  Arsenal  bomblet  identification  number. 

2.  Measured  left  plane  unbalance  moment,  gram-inches. 

3.  Measured  left  plane  unbalance  angle,  degrees  (positive,  counter- 
clockwise from  3 o'clock  position,  looking  left). 

4.  Measured  right  plane  unbalance  moment,  gram- inches. 

5.  Measured  right  plane  unbalance  angle,  degrees  (positive,  counter- 
clockwise from  3 o'clock  position,  looking  left). 

2 

6.  Axial  moment  of  inertia,  I.  = I , pound  inches  . 

XX 

2 

7.  Transverse  moment  of  inertia,  I„  = I = I , pound  inches  . 

’ T yy  zz  r 

8.  Polar  diameter,  inches. 

9.  Center  of  gravity  distance  from  female  pole,  inches. 

10.  Bomblet  weight,  pounds. 

11.  Calculated  center  of  gravity  radial  offset  from  polar  axis, 
inches . 

12.  Calculated  angle  of  center  of  gravity  offset,  degrees. 

13.  Angle  of  unbalance,  degrees  (calculated  by  approximate  method). 

14.  Angle  of  unbalance  for  selected  samples,  degrees  (calculated  by 


exact  method) . 

15.  Angle  of  unbalance  correction,  degrees  ("exact"  minus  approximate). 

16.  Adjusted  final  angle  of  unbalance,  degrees. 
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Table  II.  Effect  of  Input  Deviations 

Resulting  Deviations  in  Angle  of  Unbalance 


Trial  Individual  1%  Deviations  PA-26  j 

PA- 11 

(Med. Residual 
Unbalance) 

Deg.  % 

PA- 3 

(By  Approximate-Type  Method) 

(Low  Residual 
Unbalance) 

Deg.  % 

(High  Residual 
Unbalance) 

Deg.  % 

Example  Unbalance  Condition 
(Degrees) 

(5.43) 

(12.11) 

(23.31) 

A.  1%  Deviation  in 

Bomblet  Weight 

0 0 

0 0 

0 0 

B.  1%  Deviation  in 

Bomblet  Diameter 

± .12  ± 2.2 

± .24  ± 2.0 

± .32  ± 1.4 

C.  1%  Deviation  in  C.G. 
Distance 

± .12  ± 2.2 

± .28  ± 2.3 

± .32  ± 1.4 

D.  1%  Deviation  in  Axial 
Moment  of  Inertia  (I  ) 

v XX 

±1.14  ±21.0 

±2.64  ±21.8 

±5.82  ±25.0 

E.  1%  Deviation  in  Trans- 
verse Moment  of  Inertia 

±1.87  ±34.5 

±4.58  ±37.8 

±15.80  ±67.8 

F.  1%  Deviation  in  Trans- 
verse Moment  of  Inertia 

±1.87  ±34.5 

±4.58  ±37.8 

±15.80  ±67.8 

G.  1%  Deviation  in  Left 

Plane  Unbalance 

± .09  ± 1.7 

± .13  ± 1.1 

± .12  ± .5 

H.  1%  Deviation  in  Left 

Plane  Unbalance  Angle 

± .23  ± 4.2 

± .10  ± .8 

± .05  ± .2 

I.  1%  Deviation  in  Right 
Plane  Unbalance 

± .46  ± 8.5 

± .25  ± 2.1 

± .34  ±1.5 

J.  1%  Deviation  in  Right 
Plane  Unbalance  Angle 

± .11  ± 2.0 

± .74  ±6.1 

± . 05  ± .2 
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